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; Abstract. The resonance production of A, K(892), S(1385), A(1520) and 

from elementary p+p and Au+Au collisions at ^snn = 200 GeV from the 
^ \ STAR experiment at RHIC is presented. Yields and spectra are discussed in 

■ terms of chemical and thermal freeze-out conditions. Thermal models do not 
CO \ describe sufficiently the yields of the resonance production in central Au+Au 

■ collisions. The approach which includes pseudo-elastic and elastic hadronic 
\ interactions after chemical freeze-out until thermal freeze-out suggests a time 

jy-^ ■ span of At >5 fm/c. 
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P5 . 1. Introduction 



. , I ^ Resonances have been proposed as a signature of a strongly interacting nuclear 

■ medium due to modification of their properties in the medium [ [T] . The leptonic 

H \ decay products of resonances may provide a direct measurement of the hadronic 

stage due to their very small final state interaction cross section. However, hadronic 
decay products of resonances interact with hadrons of the medium. Therefore they 
maybe useful in describing the evolution of the source at this hadronic stage in 
terms of the temperature and lifetime between chemical and thermal freeze-out. 
The fact that in elementary p-|-p interactions the thermal freeze-out temperature, 
from a statistical model, is close to the chemical freeze-out temperature suggests 
that the life span is close to zero. Comparison of the resonance yields and spectra 
from Au-|-Au to p+p collision systems may indicate the influence of the hadronic in- 
teracting medium. Microscopic model calculations give suppression or enhancement 
factors for the resonance yields and modifications of the momentum spectra due to 
rescattering and regeneration of resonances in the hadronic medium [ El El • The 
suppression is present because the resonance invariant mass cannot be reconstructed 
by their decay daughter if one of them rescatters in the medium. 
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2. Data Analysis 

The A, K(892), I](1385), A(1520) and (f> resonances are reconstructed by measur- 
ing their decay daughters (A^p+7r, K(892)^K+7r, A(1520)^ p+K and i^-^K+K) 
with the STAR Time Projection Chamber (TPC). Charged decay particles are iden- 
tified via energy foss (dE/dx) and their measured momenta . The neutral strong 
decays such as A from a E(1385) decay are reconstructed via a topological analysis 
(S(1385) A(^p-|-7r) -I- tt). The resonance signal is obtained by the invariant mass 
reconstruction of each daughter combination and subtraction of the combinatorial 
background calculated by mixed event or like-sign techniques [ 0] . The resonance 
ratios, spectra and yields are measured at mid-rapidity. The central trigger selec- 
tion for Au-|-Au collisions takes 5% of the most central inelastic interactions. The 
setup for the p+p interactions is a minimum bias trigger. 

3. Resonance yields in p+p and Au+Au collisions 

The resonance and stable particle yields in p-l-p collisions at ^snn — 200 GeV are 
well described by a statistical model with T=170 MeV [ 5 . This is expected if the 
particles are described by a statistical model in terms of phase space and if there is 
no hadronic phase after chemical freeze-out. The hadronic phase where the pseudo 
elastic and elastic interactions (rescattering and regeneration) occur dominantly. 
The statistical model fits the stable particles for ^/skn — 200 GeV Au+Au with 
T=160-170 MeV [0 |7| but the resonances are not well described by the model 
predictions (see figure 0). 

Microscopic model calculations (UrQMD [00]) can describe the decrease for 
the A(1520) /A (UrQMD: A(1520) /A=0.03) and the K(892) /K" (UrQMD: K(892) /K" 
= 0.25), as they include rescattering of the decay daughters. UrQMD predicts a 
slight increase for the A++/p from p+p to Au+Au collision systems. This is in 
agreement with the data (see figure [21), which means either the regeneration of the 
signal is of the same order as the rescattering or there is no rescattering. The A"*"*" 
has a short lifetime of 1.3 fm/c, therefore the rescattering of the decay daughters 
is expected to be large. Due to the long lifetime of the (j) resonance (44 fm/c), we 
would expect no significant signal loss by rescattering of the daughters, since most 
of the decays happen outside the fireball (10 fm/c), which is in agreement with 
our observation. The measured values of K(892)/K and A(1520)/A ratio suggest a 
lifetime interval between chemical and kinetic freeze-out greater than 5 fm/c when 
a thermal model with rescattering but no regeneration is used [ [HI EI| ■ 
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Fig. 1. Particle ratios in central Au+Au collisions at ^snn = 200 GeV. The lines 
are the predictions of a statistical model with T = 160 pm 5, /ie = 24 ± 4, fitted 
to the stable particles for Au+Au collisions [|^. 



The decrease of the A(1520)/A and K(892)/K" ratios from p+p to Au+Au 
collisions remains nearly constant from peripheral collisions (50-80%) up to the 
most central collisions (5%) (see figure 121 . This result suggests the same At for 
peripheral and central Au+Au collisions the same lifetime of the system between 
chemical and thermal freeze-out. 
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Fig. 2. Resonance/non-resonance ratios of 0/K [Ej, A"'"''/? p/"" [E!; 

K(892)/K- [ 14 and A(1520)/A ["7, for p+p and Au+Au collisions at = 
200 GeV. The ratios are normalized to the ratio of K*(892)/K~ in p+p collisions. 
Statistical and systematic errors are included. 



4. Resonance momentum spectra in p+p and Au+Au colli- 
sions 

The mean transverse momentum, (pt), as a function of mass in figure 13 [ I16| 
(left panel) shows a mass dependence for stable (circles) and resonance (squares) 
particles. A fit to the ISR data shown by the curve includes tt, K and p from p+p 
collisions at -/snn =26 GeV [|^ and is in good agreement with the tt, K and p 
data from ^snn =200 GeV. The resonances with masses higher than 1 GeV/c^ 
and the S indicate a stronger (px) dependence which is not represented by the fit 
to the ISR data. The higher mass particles are more dominantly produced in the 
higher multiplicity events which introduces an increase in their (px) and a bias in 
the event selection. 

According to microscopic model predictions the loss of signal in the low momen- 
tum region would result in an increase of the inverse slope parameter (and (px)) of 
the transverse momentum spectra for the resonances. The (px) of the stable parti- 
cles shows a smooth rise from p+p to the most central Au+Au collisions, while the 
resonances show a steep rise and stay constant up to the most central Au+Au colli- 
sion. This observation is in agreement with the rescattering and regeneration of the 
resonance signal in the low momentum region. The effect is much more pronounced 
for the K(892) than for the cj), due to the much shorter lifetime of K(892) and the 
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larger probability of signal loss due to rescattering. This is also in agreement with 
the measured yields of the resonances. 
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Fig. 3. Left: Mean transverse momentum, (pt), as a function of particle mass in 
p+p coUisions at ^snn =200 GeV. The curve is a fit to measured ISR p+p data 
(tt, K and p) at a collision energy of ^snn =26 GeV [El- Right: Mean transverse 
momentum (pt) as a function of charged particles for p+p and Au+Au collision 
systems for tt, K, p, (f>, K(892) and A. 



5. Conclusions 

Resonances with their hadronic decay daughters are a unique tool to probe the 
time span, Ar, between chemical and thermal freeze-out in heavy ion collisions. The 
measured A(1520)/A and K(892) /K together with a thermal model and rescattering 
suggest a lower limit of At >5 fm/c. The effect of rescattering in the transverse 
momentum distribution of the resonances can be observed as an increase of their 
(pt) from p+p to most peripheral Au+Au coUisions. The mass dependence of (px) 
in p+p collisions including the high mass particles indicates a linear trend, which 
is different from the ISR parameterization. 
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